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95 (54) Title: CATALYTIC SYSTEM BASED ON BIMETALLIC CYANIDES AND THEIR USE IN THE SYNTHESIS OF 
H POLYirn iER-POLYOLS 

o 



(57) Abstract: A description follows of a catalytic system based on modified bimetallic cyanides (I), a method for their preparation 
and a process lor the synthesis of polyether polyols whi 
treating the catalyst precursor with a dehydrating agent. 



^ and a process for the synthesis of polyether polyols which uses these catalysis. The method of preparing the catalysts comprises 
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CATALYTIC SYSTEM BASED ON BIMETALLIC CYANIDES AND 
THEIR USE IN THE SYNTHESIS OF POLYETHER-POLYOLS 

The present invention relates to a catalytic 
10 system based on modified bimetallic cyanides, a 
process for their preparation and their use for the 
synthesis of polyether polyols. 

Polyether polyols are extremely versatile com- 
pounds which can be used -as such or as intermedi- 
15 ates in the production of compounds of industrial 
interest such as polyurethanes , detergents or addi- 
tives . for oils . 

These products are normally prepared by react- 
ing an alkylene oxide, especially .propylene . oxide, 
20 ethylene oxide or their mixtures, with a compound 
having active hydrogen atoms (initiator) "in the 
presence of a .basic alkoxylation catalyst, in par- 
ticular potassium hydroxide. 

Although these catalysts allow polyether 
25 polyols to be produced with good properties, they 
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have a modest catalytic activity, and relatively 
long reaction times are therefore required to ob- 
tain a complete conversion of the alkylene oxide. 

Another disadvantage is linked to the forma- 
5 tion of unsaturated chain-end groups, due to secon- 
dary reactions induced by the alkalinity of the me- 
dium. 

The use of catalytic systems based on metallic 
cyano-metallates, particularly zinc hexacyanof er- 

10 rate and zinc hexacyanocobaltate (ZCC) , has there- 
fore been proposed in patent literature. 

The preparation of these catalytic systems is 
effected by the reaction of a salt of a cyano- 
complex of a transition metal (for' example potas- ' 

15 sium hexacyanocobaltate in the case of ZCC) with a 
metallic salt, for example zinc chloride, in an 
aqueous .environment . The precipitate is washed with , 
an aqueous solution of an organic compound to give 
the end-catalyst. 

20 The catalysts obtained with this process hew- 

ever have a catalytic activity which is insuffi- 
cient for industrial application as the presence in 
the catalyst of residual ionic species of the pre- 
cursors causes its partial poisoning. 

25 Alternative methods have therefore been pro- 
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posed for the preparation of catalysts with an im- 
proved catalytic activity. 

U.S. patent 4,472,560, for example, describes 
the preparation of bimetallic cyanides modified by 
5 the addition of promoters such as zinc sulfate and 
hydrochloric acid. 

U.S. patent 4,477,589 describes the synthesis 
of catalysts modified by the addition of zinc hy- 
droxide (ZCCOH) . 

10 The document of Kuyper et al. J. of Catalysis 

105, 163-174 (1987) describes the preparation of 
catalysts modified with zinc chloride starting from 
the ZCCOH compound. 

U.S. patent 5,998,327 describes the prepara- 

15 tion of a ZCC catalyst modified with extremely poi- 
sonous cadmium salts. 

U.S. patent 5, 158, 922 describes an improved' 
process for the preparation of bimetallic cyanides 
which consists, in controlling the process parame- 

20 ters such as the addition order of the solutions, 
the concentrations of the solutions and the excess 
of one with respect to the other, the temperature 
at which the precipitation occurs. The parameters 
are important for obtaining a reproducible high ac- 

25 tivity catalyst with reduced induction times. 
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U.S. patent 5,714,639 describes the prepara- 
tion of a catalyst containing bimetallic cyanides 
consisting of a "paste" of these salts (10-60% by 
weight), an organic complexing agent (40-90% by 
5 weight) and water (1-20% by weight) . 

These catalysts produce amorphous, liquid 
polyether polyols with a suitable molecular weight 
and a low unsaturation degree. Their preparation 
however is extremely complex (Kuyper et al., 1987, 

10 J. Catal., 105, 163) and the experimental parame- 
ters adopted in their preparation can substantially 
influence their catalytic activity. It has been ob- 
served in fact that in numerous cases even inert 
products are obtained. 

15 These catalysts moreover have long and non~ 

repro-ducible induction times which create problems 
relating to reaction control and plant safety* • 

Catalysts based on bimetallic cyanides charac- 
terized by a crystallinity lower than. 30% have been 

20 prepared to overcome these specific safety problems 
(EP 654,302, U.S. 5,470,313 and EP 743,093) . 

Operating ' according to these processes, a re- 
duction in the induction times in the polymeriza- 
tion of propylene oxide, has been observed. Al- 

25 though this reduction is significant, it is still 
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not satisfactory. 

It has now been found that it is possible to 
overcome the drawbacks of the known art discussed 
above by means of a new class of catalysts* based on 
5 modified bimetallic cyanides. 

In particular the use of these catalysts al- 
lows the following advantages to be obtained: opti- 
mum catalytic activity, no induction time, good se- 
lectivity and preparation simplicity. 
10 to objective of the present invention there- 

fore relates to a new class of modified bimetallic 
(I) cyanides. 

A further objective of the present invention 
relates "to "a process for' the preparation of modi- 
15 fied bimetallic (I) cyanides. 

Yet another objective of the present invention 
relates to a. process f or ■ the polymerization of ep- ' 
oxides which uses this modified catalytic system. 
■In particular, the new class of modified 
20 bimetallic catalysts according to the present in- 
vention has general formula (I) ' 

Ma[M' [ (CN) r ] b X c -' (Z) d (I) 
wherein: M represents an element selected from met- 
als belonging to groups IB-VIIIB and IIIA-IVA, M f 
25 an element selected from transition metals of 
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groups IB-IIB and VB-VIIIB, Z is an oxygenated or 
nitrogenated organic compound and X a halogen; a, b 
c and r are integers depending on the valence state 
of the species; c can also be equal to zero; d has 
5 .a value ranging from 0 to 12. 

Examples of metals M are zinc, aluminum, zir- 
conium, titanium, iron, lanthanides. Zinc is pre- 
ferred. 

Examples of metals M f are cobalt, iron, chro- 
10 mium, nickel. Cobalt and iron are preferred. 

The Z compounds are selected from groups of 
ethers, esters, ketones, amides, nitriles or car- 
bonates . 

Examples of Z compounds are dimethyl ether, 
15 diethyl ether, diisopropyl ether, di-tert-butyl 
ether, dimethoxyethane, diethylene glycol, tetrahy- 
drofurari, acetonitrile,- dimethylcarbonate, di-t- 
butyl. carbonate, polyether-polyols with a molecular 
' weight- < . 600, dioxane, anisole, - acetone or methyl 
20 ethyl ketone. 

The catalyst having formula (I) is obtained by 
means of a process which comprises: 
(a) synthesizing a catalyst having formula (II) 

M a [M' [(CN) r ] b (0H) C . (H 2 0) f (Z)d- (II) 
25 wherein: M, M', z, a, r, b, c have the same mean- 
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ings defined above, f and d T are coefficients whose 
sum ranges from 1 to 15; 

(b) treating the catalyst (II) with a dehydrating 
agent having general formula (III) 
5 A(0) g X f h (III) 

wherein: A is an element selected from boron, sul- 
fur, phosphorous and carbon, X 1 is a halogen or an 
alkoxyl group, g and h are integer coefficients de- 
pending on the oxidation state of A, g may also be 
10 0; 

in the presence of an oxygenated or nitrogenated 
liquid organic complexing agent Z having the same 
meaning defined above. 

Examples of dehydrating agents ' (III) suitable 

15 for the purposes of the present invention are 
thionyl chloride, phosgene, sulfuryl chloride, 
phosphorous' pentachlpride, phosphorous trichloride, 
boron trichloride and the corresponding bromides, 
dime thyl'car bona te, di-t-butyl carbonate, dimethyl-. 

20 sulfate. 

Thionyl chloride, thionyl bromide, phosgene 
are preferred as they produce reaction by-product's 
which can be easily removed from the end-product. 

Complexing agents suitable for the purposes of 

25 the present invention are selected from dimethyl 
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ether, diethyl ether, diisopropyl ether, di-tert- 
butyl ether, dimethoxyethane, diethyleneglycol , 
tetrahydrofuran, ace tonit rile, dimethylcarbonate, 
di-t-butyl carbonate, polyether-polyols with a mo- 
5 lecular weight < 600, dioxane, anisole, acetone or 
methyl ethyl ketone. 

The treatment is effected by adding the dehy- 
drating agent to a suspension of the catalyst hav- 
ing formula (II) in the complexing agent at a tern- 
10 perature ranging from 0°C to the boiling point of 
the solvent, for a time ranging from 30 minutes to 
24 hours. 

At the end of the treatment, the solid product 
is recovered by the conventional techniques. 
15 The content of complexing agent in the cata- 

lyst was determined by means of extraction with 
acetone and gaschromatographic analysis of" the so-, 
lution . 

. The ' selectivity of the catalyst, intended as 
20 capacity of limiting the formation of chain-end 
double bonds, is indicated by the relative content 
of unsaturated groups with respect to that of hy- 
droxyl ' groups; these values are determined by po- 
larographic and potentiometric titration respec- 
25 tively. 
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The catalyst of the present invention is ac- 
tive in synthesis processes of polyether polyols by 
the reaction of an alkylene oxide with one or more 
compounds, indicated by the term initiators, capa- 
5 ble of promoting the formation of hydroxy-alcohol 
chain-end groups. 

The alkylene oxides are selected from epichlo- 
rohydrin, propylene oxide, ethylene oxide, butene 
oxide or their mixtures. 
10 The quantity of oxide used in the process is 

selected in relation to the molecular weight which 
is desired for obtaining the polyether polyols. 

The initiators are water or polyf unctional al- 
cohols with from 2 to 20 carbon atoms, in particu- 
15 lar from 2 to 10 carbon atoms, or polyols with a 
molecular weight lower than 1,000 daltons . 

■Examples of initiators are: glycols" such as 
for example, ethylene, propylene, butyl ene glycol; 
diols such as 1, 3-propanediol, 1, 4-butanedio"l, 1,6- 
20 hexanediol, cyclohexanediol, cyclohexanedimethanol, 
benzenedimethanol, aromatic diols such as' hydroqui-' 
none, methylhydroquinone,' catechol, resorcinol, 
naphthalenediol, dihydroxybiphenyl; aliphatic 
polyfunctional alcohols such as glycerin, pentae- 
25 rythritol, trimethylolpropane or aromatic such as 
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for example pyrogallic acid; sugar derivatives 
(pentose or hexose) such as sorbitol, mannitol, 
glucitol, xylitol, ribitol, etc. 

Alternatively, polyfunctional acids ' can also 
5 be used such as succinic, glutaric, malonic, adipic 
acid or hydroxy-acids such as hydroxyacetic, hy- 
droxypropionic, hydroxybutanoic, hydroxyhexanoic, 
hydroxybenzoic, citric, tartaric acid. Finally, 
polyfunctional amines can also be used, such as 
10 ethylenediamine, tetramethylenediamine, hexamethyl- 
enediamine, isophoron-diamine, benzenediamine, 
diaminobiphenyl, etc. 

The selection of the suitable initiator also 
depends- on. the polymer ' to be prepared. 
15 Bifunctional initiators, for example, are par- 

ticularly suitable for the preparation of poiyether 
polyols which can be. used, for the production of 
polyurethane elastomers. 

The quantity of" catalyst used can vary within. 
20 wide limits. A quantity of catalyst ranging from 
10 fc to 10" 6 grams per gram of monomer, preferably 
from 10" 3 to 10" 5 grams per 'gram of monomer, is gen- 
erally used. 

The polymerization can be carried out in the 
25 absence or in the presence of a hydrocarbon solvent 
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such as, for example pentane, hexane, heptane, cy- 
clohexane, toluene, benzene, xylene, ethylbenzene, 
cumene or an ether solvent such as ethyl ether, 
propyl ether, .isopropyl ether, butyl ether, tetra- 
5 hydro furan, pyran, dioxane, dimethoxyethane, di- 
methoxypropane, dimethoxybutane or diethoxyethane . 

The temperatures used in the process of the 
present invention generally range from 50°C to 
180°C, preferably from 80°C to 120°C. The reaction 
10 is normally carried out in a closed system, at a 
pressure which generally does not exceed 8 Bar, 
preferably 6 Bar. 

After the polymerization is complete, the 
catalyst can be removed from the product by the 
15 conventional techniques, such as filtration, for 
example. 

The process of the present invention can be 
carried out batchwise or in continuous. 

The polyols obtained with the process of the 
20 present invention were characterized by means of 
nuclear magnetic resonance spectroscopy to deter- 
mine the degree of stereoregularity and by means of 
scan differential calorimetry to identify the melt- 
ing point. The products proved to be liquid, and 
25 therefore without a melting point. NMR analysis 
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demonstrated that the products were not stereoregu- 
lar (atactic) . 

The following examples have the sole purpose 
of describing the present invention in greater de- 
5 tail and should in no way be considered as limiting 
its scope. 

******* 

EXAMPLE 1 

Preparation of the catalyst A 
10 A solution of 22.89 g of potassium hexacyano- 

cobaltate [K 3 Co(CN) 6 ] in 495 ml of water is 
charged, at room temperature and at a rate of 2.7 
ml/minute, into a 1 liter beaker containing a solu- 
tion of "20 . 41 ' g of. zinc chloride in 175 fail of dis- 
15 tilled water. 

A solution of 2.8 g of sodium hydroxide in 200 
ml of water is. added to the resulting mixture at a' 
rate of 2.5 ml/minute. The solid obtained is fil- 
tered, washed with distilled water (500 ml x 5 
20 times) and dried in an oven at 50°C until the 
weight is constant. 

The presence of water molecules in the solid 

obtained Zn 2 [Co (CN) 6 ] OH-13H 2 0 is confirmed by IR 
analysis . 

25 2 g of the product obtained above and 10 ml of 
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1, 2-dimethoxyethane are introduced into a test- 
tube, in a nitrogen atmosphere. 4 ml of thionyl 
chloride are slowly added to the container, im- 
mersed in a water and ice bath. After 30 minutes 
5 the bath is removed and after a further 4.5 hours 
under stirring at room temperature, the' product is 
filtered under nitrogen, washed with anhydrous 
toluene and dried under vacuum for 5 hours. 

Upon IR analysis the resulting product appears 
10 to be free of crystallization water, whereas it 
shows the characteristic band of complexed dimeth- 
oxyethane at 1055 cnf 1 (C-O-C asymm. stretching) 
and 860 cm" 1 (C-O-C symm. stretching) . 

The X-ray spectrum (figure 1) does not "corre- 
15 spond to any published structure. The product, 
which is at least 90% crystalline, has a face cen- 
tered cubic. (FCC) symmetry. The structure of the 
compound in question was calculated with the rela- 
tive parameters. X-ray .data processing also con- 
20 firms the total absence of crystallization water. 
Elemental analysis data: Zh = 26.2%/ Co = 13.4% 
Organic component content (dimethoxyethane) : 13.4%. 

1.016 g of this product are subsequently sus- 
pended in an inert atmosphere in 19 g of polypro- 
25 pyleneglycol (MW = 425) previously treated by per- 
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eolation on a basic alumina bed and conserved on 
activated molecular sieves. 
EXAMPLE 2 

Preparation of catalyst B 
5 A solution of 2.125 g of potassium hexacyano- 

cobaltate [K 3 Co(CN) 6 ] in 45.9 ml of water is added 
dropwise, in about 10 minutes, to a solution of 
zinc chloride (1.306 g) in 11.2 ml of distilled wa- 
ter. 

10 The precipitate is filtered, washed 4 times 

with 50 ml of distilled water and filtered each 
time. At the end of the operation, the solid is 
dried in an oven at 60°C for 16 hours. 

1 g of this product and 10 ml of 1,2- 
15 dimethoxyethane are introduced into a test-tube in 
a nitrogen atmosphere. 

The • container is immersed in a water and ice ' 
bath- and 1.3 ml of thionyl chloride slowly added. 
After 30 minutes the bath " is', removed and, after a - 
20 further 1 . 5 hours under stirring at room tempera- 
ture, the product is filtered under nitrogen, 
washed with anhydrous toluene and dried under vac- 
uum for 5 hours . 

Upon IR analysis the resulting product appears 
25 to be free of crystallization water, whereas it 
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shows the characteristic band of complexed dimeth- 
oxyethane at 1055 cm" 1 (c-O-C asymm. stretching) 
and 869 cm" 1 (C-O-C symm. stretching).- The X-ray 
spectrum is indicated in figure 2 and doefe not cor- 
5 respond to any known species. 

Elemental analysis data: Zn - 22.8%, Co = 13.3% 
Organic component content (dimethoxye thane) : 18%. 

501 mg of this product are suspended in an in- 
ert atmosphere in 9.5 g of polypropyleneglycol pre- 
10 viously treated by percolation on a basic alumina 
bed and conserved on activated molecular sieves. 
EXAMPLE 3 

Preparation of catalyst C 

A solution of 22.89 g of potassium' hexacyano- 
15 cobaltate [K 3 Co(CN) 6 ] in 495 ml 'of water is 
charged, at room temperature and at a rate of 2.7 
ml/minute, into a 1 ■ liter beaker containing a solu- ' 
tion of 20.41 g of zinc chloride in 175 ml of dis- 
tilled water.. 

20 A solution of 2.8 g of sodium hydroxide in 200 

ml of water is added to the resulting' mixture at a 
rate of 2.5 ml/minute. ' The solid obtained is fil- 
tered, washed with distilled water (500 ml x 5 
times) and dried in an oven at 50 °C until the 

25 weight is constant. 



- 15 - 



WO (1 1/89688 



PCT/EP01/05247 



The presence of water molecules in the solid 

obtained Zn 2 [Co (CN) 6 ]OH-13H 2 0 is confirmed by IR 
analysis . 

3 g of the product obtained above and 12 ml of 
5 acetonitrile are introduced into a test-tube in a 
nitrogen atmosphere. The container is immersed in a 
bath at 16°C and 6 ml of thionyl chloride are sub- 
sequently slowly added. After 30 minutes the bath 
is removed and after a further 1.5 hours under 
10 stirring at room temperature, the product is fil- 
tered under nitrogen, washed with anhydrous toluene 
and dried under vacuum for 24 hours. 

Upon IR analysis the resulting product appears 
to be free of crystallization water, whereas it 
15 shows the characteristic band of complexed acetoni- 
trile at 2322 cm" 1 and 2295 cm -1 (CN stretching) . 
Elemental analysis data: Zn =. 29.1%, Co = 15.9% 
Organic component content, (acetonitrile): 10.1%. 
EXAMPLE 4 
20 Preparation of catalyst D 

The procedure of example 1 was repeated/ ex- 
cept for the fact that at the end 0.624 g of solid 
catalyst were suspended in an inert atmosphere in 
7.9 g of glycerol propoxylate (molecular weight 
25 260) previously anhydrified by contact with acti- 
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vated molecular sieves. 
EXAMPLE 5 

Preparati on of catalyst E 

A solution of 4.250 g of potassium hexacyano- 
5 cobaltate [K 3 Co(CN) 6 ] in 90 ml of water is added 
dropwise, in about 20 minutes, to a solution of 
zinc chloride (2.605 g) in 22.5 ml of distilled wa- 
ter - 

The precipitate is filtered, washed 4 times 
10 with 80 ml of distilled water and filtered each 
time. At the end of the operation, the solid is 
dried in an oven at 60°C for 16 hours. 

3 g of this product are reacted in a nitrogen 
'.atmosphere with' 15 ml of dimethyl carbonate at' 50°C 
15 for 7 hours. The product is then filtered under ni- 
trogen and dried under vacuum for 5 hours. 

Upon IR analysis the- resulting product appears 
to be free of crystallization water, whereas it 
shows characteristic bands of complexed dimethyl 
20 carbonate at 1667 cm"* 1 (C=0 stretching) and 1331 cm" 
1 (O-OO asymm. stretching). 

Elemental analysis data:- Zn = 22. 2%, Co = 13.3% 
Organic component content (dimethyl carbonate) : 
18.2%. 

25 1.004 g of this product are suspended in an 
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inert atmosphere in 19.1 g of polypropyleneglycol 
previously treated by percolation on a basic alu- 
mina bed and conserved on activated molecular 
sieves . 
5 EXAMPLE 6 

Preparati on of catalyst F 

A solution of 2.125 g of potassium hexacyano- 
cobaltate [K 3 Co(CN) 6 ] in 45.5 ml of water is added 
dropwise, in about 10 minutes, to a solution of 
10 zinc chloride (1.305 g) in 11.5 ml of distilled wa- 
ter . 

The precipitate is filtered, washed 4 times 
with 50 ml of distilled water and filtered each 
time. At the end of . the "operation, the solid is 

15 dried in an oven at 60°C.for 16 hours. 

2 g of this product are reacted in a nitrogen 
atmosphere with 30 ml of dirt-butyl carbonate at 
55°C for 6 hours. The product is then filtered un- 
der nitrogen and dried' under vacuum for 16 hours. 

20 Upon IR analysis the resulting product appears 

to be free of crystallization water, whereas it 
shows the characteristic band of complexed ' di-t- 
butyl carbonate at 1669 

cm" 1 (OO stretching) and 1345 cm" 1 (O-C-0 asymrnet- 
25 rical stretching) . 
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Elemental analysis data: Zn ~ 22.0%, Co = 12.9% 
Organic component content {di-t-butyl carbonate) : 
19.1%. 

990 mg of this product are suspended 'in an in- 
5 ert atmosphere in 19 g of polypropyleneglycol pre- 
viously treated by percolation on a basic alumina 
bed and conserved on activated molecular sieves. 
EXAMPLE 7 

Synthesis of polyether polyols 

10 1 g of catalyst A, removed and weighed in an 

inert atmosphere, and 10 ml of propylene oxide (PO) 
in an inert atmosphere are charged into a 25 ml re- 
actor, equipped with a magnetic stirrer and heat 
exchanger (oil bath). The reaction is carried but 

15 at 80°C for 4 hours. The pressure in the reactor 
does not exceed 3.5 atmospheres. The non-reacted PO 
is removed from the reaction mixture, under • reduced 
pressure conditions . 

• 8.1 g of polyol are obtained,, corresponding to. 

20 an 83% conversion with respect to the monomer 
used. 

The polyol thus obtained is diluted with 100 
ml of acetone, filtered on a layer of celite to 
separate the catalyst and is then subjected to a 
25 pressure of 0.001 Bar to evaporate the solvent. 
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Double bond content: 0.0043 mmoles/g 
Hydroxyl content: 41 mg KOH/g 
EXAMPLE 8 

Synthesis of poly ether polyols 
5 The reaction is carried out under the same 

conditions indicated in example 7, but using 0.5 g 
of catalyst A and adding 0.5 g of anhydrous poly- 
proyleneglycol . 

8.6 g of polyol are obtained, corresponding to 
10 a 92% conversion. 

Double bond content: 0.0043 mmoles/g 
Hydroxyl content: 22 mg KOH/g 
EXAMPLE 9 

Synthesis of p olyether polyols 
15 The reaction is carried out under the same 

conditions indicated in example 8, but bringing the 
temperature to 25°C after 4 hours and adding a fur- 
ther 10 ml of propylene' oxide in an inert atmos- 
phere, 

20 10.3 g of polyol are obtained, corresponding 

to a total conversion of 57%. 
Double bond content: 0.0125 mmoles/g ' 
EXAMPLE" 10 

Synthesis of polyether polyols 
25 The same procedure is adopted as described in 
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example 8, but carrying out the reaction at 100°C* 

7.1 g of polyol are obtained, corresponding to 
a total conversion of 73%. 
Double bond content: 0.013 mmoles/g 
5 Hydroxyl content: 58 mg KOH/g 
EXAMPLE 11 

Synthesis of polyether polyols 

The reaction is carried out under the same 
conditions indicated in example 7, but using cata- 
10 lyst B. 

8.09 g of polyol are obtained, corresponding 
to a conversion of 86%. 
Double bond content: 0.0077 mmoles/g 
Hydroxyl content: 31 mg KOH/g 
15 EXAMPLE 12 

Synthesis of polyether-polyol 

0.7 g of catalyst p are used in a polymeriza- 
tion procedure analogous to that described in exam- 
ple 7. 

20 6.95 g of polyol are obtained, corresponding 

to a conversion of 7 6%. 

Double bond content: 0.0088 mmoles/g 

Hydroxyl content: 58 mg KOH/g 

EXAMPLE 13 
25 Synthesis of polyether-polyol 
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0.54 g of catalyst C, removed and weighed in 
an inert atmosphere, suspended in 0.50 g of poly- 
propyleneglycol (MW = 400), and 10 mi of propylene 
oxide (PO) in an inert atmosphere are charged into 
5 a 25 ml reactor, equipped with a magnetic stirrer 
and heat exchanger (oil bath) . The reaction is car- 
ried out at 80°C for 4 hours. The pressure in the 
reactor does not exceed 3.5 Bar. The non-reacted PO 
is removed from the reaction mixture under reduced 
10 pressure conditions. 

1.71 g of polyol are obtained, corresponding 
to a conversion of 14.6% with respect to the mono- 
mer used. 

A further 10 ml of propylene are added -to the 
15 product thus obtained. After 4 hours of reaction at 
30 °C, and after evaporation under vacuum of the 
non-reacted monomer f 3.0 g of polyol are recovered, 
equal to an additional conversion of' 15.5% in the 
second reaction phase. 
20 Double bond content: 0.0068 mmoles/g 
Hydroxyl content: 52 mg KOH/g 
EXAMPLE 14 (comparative) 

A catalyst is prepared according to the proce- 
dure described in J. of Catalysis 105, 163-174 
25 (1987). 
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A solution of 5.73 g of potassium hexacyanoco- 
baltate in 123.75 g of distilled water is added at 
a rate of 2.5 ml/minute to a solution of zinc chlo- 
ride (5.1 g) in 43.74 g of distilled water. 
5 A solution of 0.7 g of sodium hydroxide in 50 

g of distilled water is added to the resulting mix- 
ture, at a rate of 2.5 ml/minute. 

The precipitate is filtered, washed 5 times 
with 65 ml of distilled water and filtered each 
10 time. 

A portion of the solid is dried at 50°C until 
the weight is constant.. 

The presence of water molecules in the solid 

obtained Zn 2 [Co (CN) 6 ]OH-13H 2 0- is confirmed by IR 
15 analysis. 

The wet solid is suspended in 15.1 g of di~ 

methoxyethane and 5,4 g of a solution .consisting of 

5.07 g of hydrochloric acid and 7.45 g of distilled 

water are added to the suspension. The suspension 

20 is kept under light stirring for a night. 

At the end of this period, 3 g of a solution 
of zinc sulfate ' (2. 16 g) in 3.84 g of distilled wa- 
ter are added. The mixture thus obtained is kept at 
room temperature for two days and is then suspended 

25 in 65 g of polypropyleneglycol (PPG 400) . The sus- 
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pension obtained is treated for 2 hours at 0.001 
atmospheres at 50°C. IR analysis of the compound 
showed the presence of characteristics water bands. 
EXAMPLE 15 (comparative) 
5 1 g of catalyst prepared as described in exam- 

ple 14, removed and weighed in an inert atmosphere, 
and 10 ml of propylene oxide (PO) in a nitrogen at- 
mosphere are charged into a 25 ml reactor, equipped 
with a mechanical stirrer and immersed in an oil 

10 bath. The reaction is carried out at 30°C for 4 
hours. After 35 minutes the pressure inside the re- 
actor suddenly rises to above 10 atmospheres, caus- 
ing the safety valve to open. At the end of 4 
hours, the non-reacted PO is removed from the reac- 

15 tion mixture under reduced pressure conditions. 

6.6 g of polyol are obtained, corresponding to 
a conversion of- 67%. •■'*.• 

The polyol thus obtained is diluted in 100 ml 
of acetone, filtered on a layer, of celite to sepa- 

20 rate the catalyst and is then subjected to a pres- 
sure of 0.001 Bar to evaporate the solvent. 
Double bond content: 0.024 mmoles/g 
Hydroxy 1 content: 77 mg KOH/g 
EXAMPLE 16 (comparative) 

25 The same procedure is adopted as described in 
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example 10, but carrying out the reaction at 65°C. 

6.1 g of polyol are obtained, corresponding to 
a conversion of 64%. 

The polyol thus obtained is diluted 'in 100 ml 
5 of acetone, filtered on a layer of celite to sepa- 
rate the catalyst and is then subjected to a pres- 
sure of 0.001 Bar to evaporate the solvent. 
Double bond content; 0.0087 mmoles/g 
Hydroxyl content: 82 mg KOH/g 
10 EXAMPLE 17 (comparative) 

A catalyst is prepared using the same proce- 
dure described in U.S. patent 5,714,639. 

302 g of distilled water, 7.4 g of potassium 
hexacyanocobaltate and" 39 g of ter-butanol are' 
15 charged into a 500 ml flask equipped with a me- 
chanical stirrer, drip funnel and thermometer. The 
mixture is stirred until the complete dissolution 
of the cobalt salt and is then heated to 30 °C for 
30 minutes. 

20 A solution of ZnCl 2 (76 g) in 76 g of dis- 

tilled water is then dripped into the flask main- 
tained at 30°C, in about 25 minutes. 

The end-suspension is centrifuged, suspended 
under vigorous mechanical stirring in a solution of 

25 102 g of ter-butanol in 56 g of distilled water and 
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kept under stirring for 30 minutes. 

The suspension is centrifuged again, resus- 
pended under vigorous mechanical stirring in a so- 
lution of 143 g of ter-butanoi in 1 liter of dis- 
5 tilled water and kept under stirring for 30 min- 
utes. The suspension is centrifuged obtaining 20 g 
of catalyst. 

EXAMPLE 18 (comparative) 

0.204 g of catalyst prepared as described in 

10 example 17, removed and weighed in an inert atmos- 
phere, 0.809 g of PPG 400 and 10 ml of propylene 
oxide in an inert atmosphere at 80°C, are charged 
into a 25 ml reactor, equipped with a mechanical 
stirrer and immersed in an oil bath. After 5 min- 

15 utes of reaction, the pressure inside the reactor 
suddenly rises to above 10 atmospheres, causing the 
• safety valve to open. At the end of 4 hours, the 
non-reacted PO is removed from the reaction mixture 
under reduced pressure conditions. 

20 7.9 g of polyol are obtained, corresponding to 

a conversion of 81%. 

Double bond content:' 0.012 mmoles/g 
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CLAIMS 

1. A catalyst having general formula (I) 

5 M a [M' [(CN)rlbXc- (Z) d (I) 

wherein: M represents an element selected from 
metals belonging to groups IB-VIIIB and IIIA- 
IVA, M 1 an element selected from transition 
metals of groups IB-IIB and VB-VTIIB, Z is an 

1° oxygenated or nitrogenated organic compound 

and X a halogen; a, b c and r are integers de- 
pending on the valence state of the species; c 
can also be equal to zero; d has a value rang- 
ing from 0- to 12. 

15 2. The catalyst according to claim 1, wherein M 
is selected from zinc, aluminum, zirconium., 
titanium/ iron and lanthanides. 
3. The catalyst according to claim 2, wherein M 
is zinc, 

20 4. The catalyst according to claim 1, wherein M 1 
is selected from cobalt,' iron, chromium and 
nickel* 

5. The- catalyst according to "claim 4, wherein M f 
is cobalt or iron. 
25 6. The catalyst according to claim 1, wherein Z 



- 21 - 



WO 01/89688 



PCT/EP01/05247 



is selected from groups of ethers, esters, ke- 
tones, amides, nitriles or carbonates. 

7. The catalyst according to claim 6, wherein Z 
is selected from dimethyl ether; diethyl 

5 ether, diisopropyl ether, di-tert-butyl ether, 

dimethoxye thane, diethyleneglycol, tetrahydro- 
furan, acetonitrile, dimethylcarbonate, di-t~ 
butyl carbonate, polyether-polyols with a mo- 
lecular weight < 600, • dioxane, anisole, ace- 
10 tone or methyl ethyl ketone. 

8. A method for the preparation of a catalyst 
having general formula (I) which comprises: 

(a) synthesizing a catalyst having formula 

(II) 

15 M B [M' t (CN) r ] b (OH)c- (H 2 0)f (Z) d - (II) 

wherein: M, M 1 , Z, a, t, b, c have the same 
meanings defined above, f and' d f are coeffi- 
cients whose sum ranges from 1 to 15; 

(b) . treating the. catalyst (II) with a dehy- 
20 drating agent having general formula (III) 

A(0) g X T h (III) 
wherein: A is an element selected from boron, 
sulfur, phosphorous and carbon, X* is a halo- 
gen or an alkoxyl group, g and h are integer 
25 coefficients depending on the oxidation state 
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of A, g may also be 0; 

in the presence of an oxygenated or nitrogen- 
ated liquid organic complexing agent Z. 

9. The method according to claim 8, wherein the 
5 dehydrating agent (III) is selected from 

thionyl chloride, phosgene, sulfuryl chloride, 
phosphorous pentachloride, phosphorous tri- 
chloride, boron trichloride and the corre- 
sponding bromides, dimethylcarbonate, di-t- 
1° butyl carbonate and dimethylsulf ate . 

10. The method according to claim 9, wherein the 
dehydrating agent (III) is selected from 
thionyl chloride, thionyl bromide, dimethyl 
carbonate, di-t-butyl carbonate and phosgene. 

15 11. The method according to claim 8, wherein the 
complexing agent is selected from the groups 
of ethers, esters, ketones, amides, nitriles 
or carbonates. 
12. The method according to claim 11, wherein the 

20 complexing agent is selected from dimethyl 

ether, diethyl ether, diisopropyl ether, di- 
tert-butyl ether, dimethoxyethane, diethyle- 
neglycol, tetrahydrofuran, acetoni trile, ' di- 
methylcarbonate, di-t-butyl carbonate, poly- 

25 ether-polyols with a molecular weight < 600, 
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dioxane, anisole, acetone or methyl ethyl ke- 
tone . 

13. The method according to claim 8, wherein the 
treatment in step (b) is effected at a tern- 

5 perature ranging from 0°C to the boiling point 

of the solvent, for a time ranging from 30 
minutes to 24 hours. 

14. A process for the preparation of polyether 
polyols by the reaction of an alkylene oxide 

10 with one or more compounds capable of promot- 

ing the formation of hydroxy-alcohol chain-end 
groups, in the presence of a catalyst, wherein 
said process is characterized in that the 
catalyst is a compound having formula (I) 

15 M a [M' [ (CN) r ] b X c - (Z) d (I) 

wherein: M, M 1 , Z, X and a, b, ■ c and r have 
the meaning defined above. 

15. The process according to claim 14, wherein the 
alkylene oxide is selected from epichlorohy- 

20 drin, propylene oxide, ethylene' oxide, butene 

oxide or their mixtures. 

16. The process according to claim 14, wherein the 
compound capable of promoting the formation of 
hydroxy-alcohol chain-end groups, is selected 

25 from water, polyfunctional alcohols having 
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from 2 to 20 carbon atoms, polyols with a mo- 
lecular weight lower than 1,000 daltons, poly- 
functional acids, hydroxy-acids or polyfunc- 
tional amines. 

17. The process according to claim 16, wherein the 
polyfunctional alcohols have from 2 to 10 car- 
bon atoms . 

18. The process according to claim 17, wherein the 
alcohols are selected from glycols, diols, 
aromatic diols, aliphatic or aromatic poly- 
functional alcohols and pentose or hexose 
sugar derivatives. 

19. The process according to claim 18, wherein the 
glycols are selected from ethylene, propylene, 

15 butylene glycol. 

20. The process according to claim 18, wherein the 
diols are selected ■ from 1, 3-propanediol, 1,4- 
butanediol, 1, 6-hexanediol, cyclohexanediol , 
cyclohexanediraethanol, benzenedimethanol f hy- 

20 droquinone, methylhydroquinone, catechol, re- 

sorcinol , naphthalenediol , dihydroxybiphenyl . 

21. The process according to claim 18, wherein the 
alcohols are selected from glycerin, pentae- 
rythritol, trimethylolpropane or pyrogallic 

25 acid. 
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22. The process according to claim 18, wherein the 
sugar derivatives are selected from sorbitol, 
mannitol, glucitol, xylitol and ribitol. 

23. The process according to claim 16, wherein the 
5 polyfunctional acids are selected from suc- 
cinic, glutaric, malonic, adipic acid. 

24. The process according to claim 16, wherein the 
hydroxyacids are selected from hydroxyacetic, 
hydroxypropionic, hydroxybutanoic, hydroxy- 

10 hexanoic, hydroxybenzoic, citric, tartaric 

acid. 

25. The process according to claim 16, wherein the 
polyfunctional amines are selected from ethyl- 
enediamine, tetramethylenediamine, hexamethyl- 

15 enediamine, isophoron-diamine, benzenediamine, 

diaminobiphenyl . 

26. The process according to claim 14, wherein the 
quantity of catalyst (I) ranges from 1CT 2 to 
lCf 6 grams per gram of monomer. 

20 27. The process according to claim 26, wherein the 
quantity of catalyst (T) ranges from 1CT 3 to 
10~ 5 grams per gram of monomer. 
28. The process according to claim 14, wherein the 
polymerization reaction is carried out at a 

25 temperature ranging from 50°C to 180°C. 
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29. The process according to claim 28, wherein the 
temperature ranges from 80°C to 120°C. 

30. The process according to claim 14, wherein the 
polymerization reaction is carried' out at a 
pressure not. higher than 8 Bar. 

31. The process according to claim 30, wherein the 
polymerization reaction is carried out at a 
pressure not higher than 6 Bar. 

32. The process according to claim 14, wherein the 
polymerization is carried out in the presence 
of a hydrocarbon solvent selected from pen- 
tane, hexane, heptane, cyclohexane, toluene, 
benzene, xylene, ethylbenzene, cumene or ether 
solvent such as ethyl, propyl,' isopropyl, bu- 

15 ty 1 ether, tetrahydrof uran, pyran, dioxane, 

dime thoxy ethane , diiuethoxypr opane , dime thoxy- 
butane or diethoxyethane . 



10 



- 33 - 



WO 01/89688 



PCT/EP01/05247 




WO 01/89688 



PCT/EP01/05247 



2/3 



OJ 




0009 000* 000C 0003 0001 

sjunoo 



SUBSTITUTE SHEET (RULE 26) 



WO 01/89688 



PCT/EP01/05247 




(Jeq) 9jnss3J<j 

SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



\^ itlonal Application No 

rci/EP 01/05247 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 B01027/26 C08G65/26 



According to International Patenl Classification (IPC) or to bolh nalional classlllcallon and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 B01J C08G 



Documentation searched other than minimum documentation to the extent that such documents are included in the tields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal , WPI Data, CHEM ABS Data, API Data, PAJ 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • Citation of document, with Indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 5 998 672 A (LE-KHAC BI ET AL) 
7 December 1999 (1999-12-07) 
abstract 

column 6, line 13 - line 63; examples 1,2 

GB 1 063 526 A (GEN TIRE & RUBBER CO) 
30 March 1967 (1967-03-30) 
claims 1,2,4,5,12,17,18; examples 
10,12,15,18 

US 5 998 327 A (PIELARTZIK HARALD ET AL) 

7 December 1999 (1999-12-07) 

cited in the application 

column 5, line 53 -column 6, line 12 



1-7, 
14-32 



1-7, 
14-32 



14-32 



□ 



Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



° Special categories of cited documents : 

'A" document defining the general state of the art which is not 
considered to be of particular relevance 

*E" earlier documenl but published on or after the international 
filing date 

'L* document which may throw doubts on priority claim (s) or 
which Is cited to establish the publication date of another 
citation or other special reason (as specified) 

'O* document referring to an oral disclosure, use, - exhibition or 
other means 

■P* documenl published prior to the International filing date but 
later than the priority date claimed 



later document published after the international filing date 
or priority date and not in contlict with the application bul 
cited to understand the principle or theory underlying the 
invention 

document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
Involve an inventive step when ihe document is taken alone 

document of particular relevance; Ihe claimed invention 
cannot be considered to involve an Inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

1 document member of the same patent family 



Date of the actual completion of the international search 



14 August 2001 



Date of mailing of the international search report 



22/08/2001 



Name and mailing address of the ISA 

European Palenl Office, P.B. 5818Palenl1aan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Authorized officer 



Veefkind, V 



Fo:m PCT/iSA/210 (second sheei) (July 1992) 



International Application No. PCT£P 01 £5247 



FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 



Continuation of Box 1.2 
Claims Nos.: 1-32 (in part) 



The wording of Independent claims 1,8 and 14 1s such that a lack of 
clarity within the meaning of Article 6 PCT arises to such an extent as 
to render a meaningful search of the claims impossible. In particular, it 
is not clear which ranges of metals are defined by M and M\ It is not 
clear which notation (new IUPAC, old IUPAC, CAS, other?) is used to 
indicate the groups in the periodic table. As a result it cannot be 
determined which compounds for which compounds protection is sought. 

In addition, present claims 1-32 seem to relate to an extremely large 
number of possible compounds. Support within the meaning of Article 6 PCT 
and/or disclosure within the meaning of Article 5 PCT is to be found, 
however, for only a very small proportion of the compounds claimed. In 
the present case, the claims so lack support, and the application so 
lacks disclosure, that a meaningful search over the whole of the claimed 
scope is impossible. 

Consequently, the search has been carried out for those parts of the 
claims which appear to be supported and disclosed, namely those parts 
relating to the compounds in which M is zinc and M' is cobalt or iron. 

The applicant's attention is drawn to the fact that claims, or parts of 
claims, relating to inventions m respect of which no international 
search report has been established need not be the subject of an 
international preliminary examination (Rule 66.1(e) PCT). The applicant 
is advised that the EPO policy when acting as an International 
Preliminary Examining Authority 1s normally not to carry out a 
preliminary examination on matter which has not been searched. This is 
the case irrespective of whether or not the claims are amended following 
receipt of the search report or during any Chapter II procedure. 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



atlonai Application No 

rei/EP 01/05247 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



US 5998672 



07-12-1999 



GB 1063526 



30-03-1967 



US 5998327 



07-12-1999 



us 


5900384 A 


04- 


-05- 


1999 


DE 


1495962 A 


03- 


•07- 


1969 


DE 


1667068 A 


03- 


•06- 


1971 


FR 


1450401 A 


28- 


•11- 


•1966 


G6 


1063525 A 


30- 


•03- 


•1967 


NL 


6401342 A 


17- 


-08- 


•1964 


US 


3278457 A 


11- 


-10- 


■1966 


US 


3404109 A 


01- 


-10- 


•1968 


US 


3427256 A 


11- 


-02- 


-1969 


US 


3278458 A 


11- 


-10- 


-1966 


US 


3427334 A 


11- 


-02- 


-1969 


US 


3278459 A 


11- 


-10- 


-1966 


US 


3427335 A 


11- 


-02- 


-1969 


DE 


19730467 A 


21- 


-01- 


-1999 


BR 


9802454 A 


20- 


-07- 


-1999 


CA 


2242957 A 


16- 


-01- 


-1999 


CN 


1212238 A 


31- 


-03- 


-1999 


CZ 


9802245 A 


17- 


-02- 


-1999 


EP 


0892002 A 


20- 


-01- 


-1999 


HU 


9801598 A 


28- 


-05- 


-1999 


OP 


11049792 A 


23- 


-02- 


-1999 


PL 


327480 A 


18- 


-01- 


-1999 


SG 


68060 A 


19- 


-10- 


-1999 



FoffM PCT/JSA/210 {palenl family annex) (July 1992) 



